1.. Introduction {#S0001}
================

​​Cancer is one of the lead factors responsible for deaths worldwide, caused by persistent tissue injury, host environment relations, etc. The frequent contact of carcinogens such as tobacco, ultraviolet light, and infections leads to various genetic (mutations), epigenetic (loss of heterozygosity), and worldwide transcriptome changes (via inflammation pathways) and is linked with increased cancer risk \[[1](#CIT0001)\]. Owing to increased rate of cancer and global prevalence during the last decade, it has posed a great challenge to health-care professionals. World Health Organization (WHO) statistics suggest a concerning 45% boost in global cancer deaths by 2030, of which 70% would be contributed from emerging countries such as India \[[2](#CIT0002)\]. With constant progression in the field of science and technology, the need to address the practical problems associated with the drug therapies increased proportionately. Cutaneous melanoma is the most violent skin cancer, accounting for 75% of all deaths \[[3](#CIT0003)\].

In 2012, the most common causes of cancer death worldwide (for both sexes) were: Lung cancer (19% of all cancer deaths; 1.6 million people).Liver cancer (9% of all cancer deaths; 745,000 people).Stomach cancer (9% of all cancer deaths; 723,000 people).Colorectal cancer (9% of all cancer deaths; 694,000 people).Breast cancer (6% of all cancer deaths; 522,000 people).Cancer of the esophagus (5% of all cancers diagnosed; 400,000 people).Pancreas cancer (4% of all cancers diagnosed; 330,000 people).

In 2012, the most common causes of cancer death worldwide (for males and females) were: Among males: lung, liver, stomach, colorectal, and prostate.Among females: breast, lung, colorectal, cervical, and stoma

During 2016, a predicted population of around 1,685,210 consisted new cases of cancer which were diagnosedin the United States out of which around 595,690 people were died from the disease.​ In 2016, the most prevailing forms of cancer were; breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum cancer, bladder cancer, melanoma of the skin, Non-Hodgkin lymphoma, thyroid cancer, kidney and renal pelvis cancer, leukemia, endometrial cancer, and pancreatic cancer.\[[4](#CIT0004)\].​

1.1.. Transfersomes {#S0001-S2001}
-------------------

The newly presented novel drug carriers are highly deformable vesicles, i.e. transfersomes, which can carry large molecules across intact mammalian skin.​ A transfersome, in the widest sense of the word, is a tool that can pass instinctively through a skin and transfer drugs from the application to the target site \[[5](#CIT0005)--[7](#CIT0007)\]. The use of lipid vesicles as a drug delivery system for skin treatment has gained increasing attention this year, but it remains controversial; mainly relevant reports cite the localization effect of liposomes, with the transport processes reported in a few cases, depending on the formulation \[[8](#CIT0008),[9](#CIT0009)\]. To resolve these issues, a novel type of highly deformable lipid vesicle known as transfersome has been reported recently to go through intact skin, if applied non-occlusively, since non-occlusive conditions are essential to generate a transepidermal osmotic gradient, which acts as the driving force for elastic transport into the skin. The osmotic gradient is caused by the difference in water concentration between the skin surface and skin interiors. Transfersomes are highly deformable, and this property assists in their quick penetration through the intercellular lipid pathway of the subcutaneous tissue.​ Some of the exploratory findings reported on the existence of misdeeds inside the intercellular lipid packing of murine subcutaneous tissue, which acts as the virtual channel through which transfersomes can penetrate \[[6](#CIT0006),[10](#CIT0010)\]. Transfersomes have been defined as specially designed vesicular particles consisting of at least one inner aqueous compartment enclosed by lipid vesicles; liposomes in morphology, but, functionally, transfersomes are suitably deformable to go through pores much smaller than their own size. A schematic diagram of the structure of transfersomes is presented in [Figure 1](#F0001).10.1080/20022727.2017.1325708-F0001Figure 1.Structure of transfersomes.

Introduced in 1992, Cevc and Blume second-generation vesicular carriers, named Ultradeformable liposomes or Transfersomes®, possess slighter vesicular size (typically \<300 nm) and higher elasticity (typically five--eight times higher compared with conventional liposomes) \[[10](#CIT0010)--[12](#CIT0012)\].

1.2.. Historical background {#S0001-S2002}
---------------------------

The transfersome term was first introduced by Cevc \[[10](#CIT0010)\] and has been the subject of several patents and literature information since the 1990s (Transfersomes, a trademark of IDEA AG, Munich, Germany), and it represents the first generation of ultradeformable vesicles. The skin permeation and penetration of these elastic vesicles result from a synergic mechanism among the carrier properties and the access enrichment ability.​ Transfersomes are ultradeformable lipid bundles of aggregates in supramolecular form constructed with a minimum of one interior aqueous segment encircled by a lipid bilayer exhibiting adapted properties, which are appropriate under the presence of surfactants in the vesicular membrane (edge activator (EA)) \[[13](#CIT0013)--[18](#CIT0018)\].​ Even if it is generally accepted that the permeation of, usually, liposomes is limited to the outer layer of the stratum corneum, thus providing a drug or cosmetic localizing effect within the skin, transfersomes are claimed to infuse as intact vesicles through the skin layers to the complete circulation. Non-steroidal anti-inflammatory drug (NSAID) ketoprofen was successful on a validation basis and was immensely popular in the market. Ketoprofen was authorized by a Swiss regulatory agency (Swiss Medic) in 2007; the trade name was 'Ketoprofen transdermal', manufactured by 'IDEA AG' pharmaceuticals Pvt. Ltd.

2.. Merits/demerits {#S0002}
===================

Transfersomes defeat the skin obstacle by opening extracellular pathways among the cells in the organ and then deforming to fit into such passages. In the process, transfersomes go through a series of stress-dependent adjustments of the local carrier symphony to minimize the struggle of motion through the otherwise confining channels.​ This process allows transfersomes to convey the drugs associated into and diagonally across the skin easily and very reproducibly.​ This happens at a rate largely higher than that achieved by more predictable formulations and offers an excellent means for controlling drug distribution in the skin \[[19](#CIT0019),[20](#CIT0020)\]. Transfersomes have been used as carriers for different therapeutic agents, including proteins, insulin \[[21](#CIT0021),[22](#CIT0022)\], DNA \[[23](#CIT0023)\], gap junction protein \[[24](#CIT0024)\], peptides \[[25](#CIT0025)\], albumin \[[15](#CIT0015)\], nutraceuticals \[[26](#CIT0026)\], corticosteroids \[[27](#CIT0027)\], antigens \[[28](#CIT0028)\], analgesics \[[29](#CIT0029)\], sex hormones \[[30](#CIT0030)\], and anesthetics \[[31](#CIT0031)\], and have been proven to augment significantly the amount of drug permeated through the skin \[[10](#CIT0010)\]. The topical application of transfersome-entrapped anticancer drug is described by a few research groups. Skin delivery of 5-fluorouracil (5-FU) \[[32](#CIT0032),[33](#CIT0033),[34](#CIT0034)\], methotrexate, and bleomycin has been evaluated by many researchers. Edge activators are often single chain surfactant that destabilizes lipid bilayers of the vesicles and provides a flexible membrane, eventually making transfersomes highly flexible. The role of sodium deoxycholate, Spans, and Tween on the skin penetration and deposition is discussed in \[[35](#CIT0035)--[37](#CIT0037)\]. The application of transfersomes does not engage any intricate procedure and they can be applied by a non-occluded process, whereby they pass throughout the multilayered lipid matrix of the stratum corneum as an outcome of the hydration or osmotic force within the skin \[[38](#CIT0038)\]. One main drawback of these vesicles corresponds to the difficulty of loading hydrophobic drugs into the vesicles without compromising their deformability and elastic properties \[[39](#CIT0039)\]. Transfersomes, by virtue of their enhanced elasticity in contrast to standard liposomes, are more amenable to the transport of therapeutic agents across the human skin. \[[40](#CIT0040)\].​

2.1.. Mechanism of action {#S0002-S2001}
-------------------------

The present investigation indicates that the transfersomes are drug mover systems that can penetrate across intact skin. It is believed that the unimpeded passage of such carriers is based on two key factors: the high elasticity (deformability) of the vesicle bilayers and the reality of an osmotic gradient across the skin. Because of their high deformability, transfersomes with the help of EAs generate a transepidermal osmotic gradient; and further squeeze among the stratum corneum cells and carry drug across the whole skin \[[10](#CIT0010)\]. The transpore hydrostatic force difference is liable for the penetration or passage of transfersomes intact throughout the stratum corneum, i.e. the penetration of transfersome is an outcome of hydrotaxis and the permeation is governed by principles of elastomechanics \[[41](#CIT0041)\]. When a transfersome reaches a pore, it is capable of changing its membrane work reversibly as an effect of its self-optimizing deformability. To go throughout the pore, the mechanism of the transfersome liable for its deformability starts accumulating at the site of tension, whereas the less elastic mechanism experiences dilution, which significantly reduces the active rate of membrane deformation and allows the highly elastic particles to go throughout the pores.​ The passage of transfersomes through the skin and the epithelial obstacle is greatly prejudiced by the flexibility of their membrane, which can be achieved via a suitable ratio of surfactants. The flexibility of the transfersomal membrane decreases the risk of complete vesicle rupture in the skin and permits the ultradeformable transfersomes to change their membrane composition locally and reversibly when they are pressed against or attracted into a narrow pore. This dramatically lowers the energetic cost of membrane deformation and permits the resulting highly flexible particles first to enter and then to pass through the pores rapidly and efficiently \[[42](#CIT0042)\]. A schematic diagram of the mechanism of action of transfersomes is presented in [Figure 2](#F0002).10.1080/20022727.2017.1325708-F0002Figure 2.Schematic presentation of mechanism of action of transfersome in transdermal delivery of anticancer agent.

The first mechanism proposes that vesicles can act as drug carrier systems, whereby intact vesicles enter the stratum corneum carrying vesicle-bound drug molecules into the skin under the influence of the naturally occurring *in vivo* transcutaneous hydration gradient \[[13](#CIT0013)\].

3.. Regulatory aspects {#S0003}
======================

Recently, advances in pharmaceutical science and skill have made available a range of new excipients, such as lipids, surfactants, and solvents; though, of late, there have been reservations within the scientific community regarding the dullness of excipients and that they in some capacity have unfavorable effects. Selection of an excipient throughout the research of a transfersome-based formulation is limited by safety and toxicity concerns associated with these excipients. Hence, a small range of excipients are obtainable for planning any highly porous drug deliverance system. Thus, inert excipients are usually measured when developing a transfersome-based formulation and these are used as vesicle-forming agents, surfactants, EAs, and solvents. Mitigating the safety concerns, a narrow range of excipients are obtainable for crafting any highly porous drug delivery system, such as a transfersome \[[43](#CIT0043)\]. Different national regulatory agencies (WHO, International Pharmaceutical Excipients Council, US Food and Drug Administration (FDA), Japanese Ministry of Health and Welfare, and International Conference on Harmonisation of Technical necessities for muster of Pharmaceuticals for Human Use) have maintained a confidential list of excipients as 'Generally Regarded as Safe' (GRAS), which have been clinically categorized not to be toxic. The FDA keeps a record entitled 'Inactive Ingredient Guide', which includes a catalogue of permitted excipients. This documentation provides information about the excipients with a value of their utmost dosage stage by a fastidious route of direction or dosage form \[[44](#CIT0044)\]. Phospholipid is a crucial element for the formation of a transfersome-based drug delivery system. It is also roughly always true that the fluid-chain vesicles with a rather elastic bilayer promote drug transport across skin obstruction better than the more rigid liposomes \[[45](#CIT0045)\]. Therefore, nearly all the common phosphatidylcholine (PC) used to organize stretchy liposomes is unsaturated PC (i.e. soybean phosphatidylcholine (SPC) or egg phosphatidylcholine (EPC)). SPC is a GRAS-listed phospholipid and also complies with specifications of the Food Chemicals Codex (<http://www.NutriScienceUSA>.com). Edge activator is generally a kind of surfactant which destabilizes the lipid bilayer of the elastic liposomes and increases elasticity of the bilayer concurrently. Amid EAs, sodium cholate, sodium deoxycholate, Span-80, Tween-80 and Tween-20 were normally used. ​ Biju et al. recommended that some chemical penetration enhancers such as oleic acid can be used as well as EA to replace the normally used surfactant \[[14](#CIT0014)\]. The survival of mixed micelles also leads to lower drug trap due to their higher inflexibility and smaller size \[[46](#CIT0046),[47](#CIT0047)\].

Edge activator plays an important role in determining the skin permeation behavior of elastic liposomes. An overview of the differences among EAs is helpful for the selection of an ideal EA for optimal formulation. Sodium deoxycholate is a water-soluble ionic surfactant. Valsartan-loaded elastic liposomes containing sodium deoxycholate as the EA were then investigated \[[48](#CIT0048)\]. Similarly, sodium cholate, which is used as an EA, is reported to be non-toxic but has been kept in the hazardous category as it causes skin and eye irritations as well as respiratory sensitization. Surfactants can cause severe gastrointestinal discomfort when used above certain concentrations; the maximum safe limit of surfactant concentration is 10--25%. Ethanol is known to act as an efficient skin-penetration enhancer. It can interact with the polar head group region of the lipid molecules, resulting in a reduction of the melting point of the stratum corneum lipids, thereby increasing their fluidity and cell membrane permeability.

4.. Method of preparation {#S0004}
=========================

4.1.. Rotary film evaporation method {#S0004-S2001}
------------------------------------

This method is also known as the hand-shaking process, which was initially invented by Bangham \[[49](#CIT0049)\]. In this process, the quantity needed of phospholipids and surfactants (as EAs) is essential to organize a thin film \[[50](#CIT0050),[51](#CIT0051)\].​ It is largely worn for the research of multilamellar vesicles. A solution of phospholipids and EAs is organized in a crude solvent such as a combination of chloroform and methanol. The prepared solution is transferred to a round-bottomed flask which is rotated at constant temperature (above the glass transition temperature of lipids) and reduced pressure. A film of lipids and EA is formed on the walls of the flask. The twisted film is then hydrated using aqueous media containing drug. This causes lipids to swell and form bilayer vesicles. Vesicles of desired size can be obtained by extrusion or by sonication of the superior vesicles \[[52](#CIT0052)\].

4.2.. Reverse-phase evaporation method {#S0004-S2002}
--------------------------------------

At this point, the scheme will alter to a viscous gel followed by the arrangement of vesicles. The non-encapsulated material and residual solvents can be indifferentiable using dialysis or centrifugation \[[52](#CIT0052)\].​ In this method, lipids dissolved in organic solvents are collected in a round-bottomed flask. Aqueous media containing EAs is added under nitrogen purging. The drug can be added to the lipid or aqueous medium based on its solubility character. The system formed is then sonicated, awaiting its conversion into a standardized dispersion, and should not separate for at least 30 min after sonication. The organic solvent is then removed under low pressure.​

4.3.. Vortexing sonication method {#S0004-S2003}
---------------------------------

In the vortexing sonication method, mixed lipids (i.e. phosphatidylcholine, EA and the therapeutic agent) are blended in a phosphate buffer and vortexed to attain a milky suspension. The suspension is sonicated, followed by extrusion through polycarbonate membranes \[[53](#CIT0053)\]. Cationic transfersomes have also been set by this method, which involves mixing cationic lipids, such as DOTMA, with PBS to attain a concentration of 10 mg/ml followed by a count of sodium deoxycholate (SDC). The blend is vortexed and sonicated, followed by extrusion through a polycarbonate (100 nm) filter.

4.4.. Ethanol injection method {#S0004-S2004}
------------------------------

In this process, the aqueous solution containing drug is heated with unremitting stirring at constant temperature. Ethanolic solution of phospholipids and EAs is injected into aqueous solution dropwise. As the solution comes into contact with aqueous media the lipid molecules are precipitated and form bilayered structures. This process offers assorted advantages over other methods, which include simplicity, reproducibility, and scale-up \[[54](#CIT0054),[55](#CIT0055)\].

4.5.. Freeze--thaw method {#S0004-S2005}
-------------------------

This method includes the exposure of multilamellar vesicles to alternate cycles of very low temperature for freezing followed by exposure to very high temperature.​ The geared-up suspension is transferred to a tube and dipped in a nitrogen bath (−30°C) for 30 s. After freezing, it is exposed to a high temperature in a water bath. This course is repeated eight--nine times \[[56](#CIT0056)\]. An application of transfersomes in the delivery of various therapeutic agents is summarized in [Table 1](#T0001).10.1080/20022727.2017.1325708-T0001Table 1.Examples of research reports on using transfersomes as carriers for the delivery of therapeutic agents.Therapeutic agentTherapeutic categoryConventional topical available (market) formulationsInvestigationLipid and surfactant usedObservations/conclusionsReferenceOvalbumin\
and saponinAnti-OVA antibody titer in serum--Developed effective vesicular formulations including liposomes, transfersomes and ethosomes of ovalbumin and saponin. The effect of composition of formulations on protein encapsulation and the best one for each type of vesicular formulation was selected for their stability assay and *in vivo* transdermal immunization in miceSoy phosphocholine, cholesterol, bovine serum albumin, sodium cholate, Tween-20The results clearly indicated that all nano lipid\
vesicular formulations increase peptide permeation into the skin as compared with negative control with ethosome formulation giving the highest serum antibody titers.\
In particular, size aging analysis demonstrated that only ethosome was stable both in size and polydispersity over a 2-month storage\[[57](#CIT0057)\]Diclofenac sodiumNon-steroidal anti-inflammatory drug (NSAID)Voltaren® gelPrepared diclofenac sodium loaded conventional liposomes and transfersomes and tested for their integrity and controlled release properties after subcutaneous administrations by liquid jet injectorSoy phosphatidylcholine, Polysorbate-80, ethanolA result of the new approach was an improvement of both the efficacy and the safety of localized therapy combining the performance of painless liquid injection devices\[[58](#CIT0058)\]OstholeAnti-fibrotic, anti-inflammatory--In this paper, designed and prepared osthole-loaded liposome, ethosome and transfersome and evaluated for their physicochemical properties, *in vitro* skin permeation and *in vivo* plasma concentrationSoya phosphatidylcholine, Tween-80, methanol*In vitro* study showed that osthole ethosome provided an enhanced transdermal ﬂux of 6.98 ± 1.6 μg/cm^2^/h and a decreased lag time of 2.45 h across porcine ear skin. Data from *in vivo* pharmacokinetic studies showed that AUC and C~max~ of the osthole-loaded ethosome were remarkably increasing compared with the other formulations\[[59](#CIT0059)\]ItraconazoleAntifungalSporanox®Itraconazole-loaded nanotransfersomes with three different types of surfactant in varying concentrations were prepared and characterized. The optimized transferosomal formulations were co-spray dried with mannitol and the aerosolization efficiency and aerodynamic properties of dry powders were determinedLecithin, Span-60Optimized nanotransfersomes with lecithin:Span®60 in the ratio of 90:10 was a narrow size distribution pattern. Different types of surfactant did not influence the particle size significantly. Aerosolization evaluation of co-spray dried formulations with different amounts of mannitol indicated that a 2:1 ratio of mannitol:transfersome (w:w) showed the best aerosolization efficiency\[[60](#CIT0060)\]Timolol maleateNon-selective β-adrenergic receptor antagonistTimoptol-XE gelThis work was to examine the deformability properties of unlike timolol maleate (TM)-loaded transfersomes by extrusionTween-20, egg L-α phosphatidylcholine, cholesterol, sodium deoxycholate, stearylamineResults showed that TM-loaded transfersomes may improve the corneal transmittance and get better bioavailability of conventional TM delivery\[[61](#CIT0061)\]PiroxicamNSAID\
sPX-TRS gelStudied the optimization and *ex vivo* study of piroxicam-loaded transethosomal gel using the central composite designSoya phosphatidylcholine, ethanol, Span-80Improved stability and highest elasticity in its gel formulation​\[[62](#CIT0062)\]Asenapine maleateAntipsychotic drug*Saphris*®Transfersomes of asenapine maleate were prepared by the thin film hydration method. Various chemical enhancers were screened for skin permeation enhancement of asenapine maleate. *In vivo* pharmacokinetic study was performed in rats to assess bioavailability by transdermal route against oral administrationSoyphosphatidylcholine, sodium deoxycholate, triethanolamineEthanol (20% v/v) showed greater skin permeation enhancement. The cumulative amount of asenapine maleate permeated after 24 h (Q24) by the individual effect of ethanol and transfersome. *In vivo* pharmacokinetic study revealed significant increase in bioavailability on transdermal application compared with the oral route​\[[63](#CIT0063)\]KetoprofenNSAIDsFastum gelThey conducted a randomised, double-blind, controlled Phase II study to compare the effect of ketoprofen in Transfersome® gel versus oral ketoprofen and ketoprofen and drug-free Sequessome™ vesicles in reducing pain from muscle soreness in the calves of healthy individuals after exercise consisting of walking down stairs**--**The results showed that Transfersome® gel and ketoprofen and drug-free Sequessome™ vesicles were superior to oral ketoprofen in reducing muscle soreness following exercise. Furthermore, oral ketoprofen delayed recovery from muscle soreness but ketoprofen and drug-free Sequessome™ vesicles and Transfersome® gel did not. Treating osteoarthritis-related joint pain with ketoprofen and drug-free Sequessome™ vesicles is known to be as effective as treatment with an oral NSAID\[[64](#CIT0064)\]EmodinPurgative, laxativeRegalia®Nano emodin transfersome (NET) was prepared by the film-ultrasonic dispersion method. In this investigation 60 male rats were selected. After an 8-week treatment, fasting blood glucose and serum lipid levels were determined. The adipose tissue section and the cellular diameter and quantity of adipocytes were evaluated by light microscopy. The mRNA expression of ATGL and G0S2 from the peri-renal fat tissue was assayed by reverse transcription polymerase chain reactionLecithin, deoxycholic acid, sodium salt, cholesterolNET might decrease body weight, pathological change of fatty liver, reduce the peripheral fat content, increase serum HDL-C, and reduce TG level and adipocyte mass, and this outcome was allied with the downregulation of G0S2 protein expression in the adipose tissue of obese rats and upregulation of ATGL protein expression. These mutually antagonistic effects work together to reduce the body weight of obese rats\[[65](#CIT0065)\]CapsaicinAntiarthritic agentZostrix creamIn this study, capsaicin-loaded transfersome lipid vesicles were prepared and the antiarthritic efficacy was evaluated in rat models. The results of the test formulation were compared with standard reference formulation, Thermagel (Marketed gel)Phosphatidylcholine, ethanol and Tween-80It was observed that the prepared formulation showed better inhibitory activity (in reducing arthritis and associated inflammations) than the marketed Thermagel formulation, which could probably be due to the reduced penetrability of Thermagel across the skin, compared with the specially designed transfersomal delivery system\[[66](#CIT0066)\]Diclofenac sodiumNSAIDsCambiaIn this study to improve transdermal permeation of diclofenac sodium, a poorly water-soluble drug, employing conventional liposomes, ethosomes, and transfersomes. The prepared vesicular systems were incorporated into 1% Carbopol 914 gelSoya lecithin, Span-80 cholesterol, ethanol, and Carbopol 914The transfersomes and ethosomes provided a significantly higher amount of cumulative permeation, steady state flux, permeability coefficient, and residual drug into skin compared with the conventional liposomes, conventional gel, or hydroethanolic solution. Stability tests indicated that the vesicular formulations were stable over 3 months. Results revealed that both ethosome and transfersome formulations were acting as a drug reservoir in skin and extending the pharmacologic effects of diclofenac sodium\[[67](#CIT0067)\]TerbinafineAntifungalsLamisil DermgelResearcher investigated the mechanisms underlying the *in vitro* activity of terbinafine in Transfersome (TDT 067) by comparing the effects of TDT 067\
and conventional terbinafine on the morphology of *T. rubrum* (the predominant cause of onychomycosis) *in vitro* using different microscopic tools, including white-light microscopy, scanning electron microscopy and transmission electron microscopy (TEM)**--**Exposure of *T. rubrum* hyphae to TDT 067 led to rapid and extensive ultrastructural changes. After 24 h there was complete disruption of hyphae as compared with conventional terbinafine. Lipid droplets were observed under TEM following 30 min of exposure to TDT 067, which after 24 h had filled the intracellular space. These effects were confirmed *in vivo* in subungual debris from patients with onychomycosis who received topical treatment with TDT 067\[[68](#CIT0068)\]Cinnamic acidAnti-inflammatory, antioxidant--In this study cinnamic acid-loaded transfersomes were prepared and dermal microdialysis sampling was used in Sprague--Dawley rats. The amount of drug released into the skin using transfersomes as transdermal carriers compares with that released from conventional liposomesPhosphatidylcholine, sodium deoxycholateAn *in vivo* microdialysis sampling method revealed that the dermal drug concentrations from transfersomes applied on skin were much lower than those required with conventional liposomes. After the administration of drug-containing transfersomes and liposomes on abdominal skin regions of rats for a period of 10 h, the C~max~ of cinnamic acid from the compared liposomes was 3.21 ± 0.25 mg/ml and that from the transfersomes was merely0.59 ± 0.02 mg/ml\[[69](#CIT0069)\]TerbinafineAntifungalTerbinexUltradeformable lipid vesicles to facilitate release of terbinafine to the nail and surrounding tissue. TDT 067 (terbinafine in transfersome) is the only such therapy in development for onychomycosis, and we review published preclinical and clinical studies on this formulationTDT 067This translated into eminent rates of mycological cure and evidence of clinical effect in a study of TDT 067 administered twice daily for 12 weeks in patients with onychomycosis. An ongoing Phase III trial involving more than 700 patients treated for 48 weeks is investigating the effectiveness and safety of TDT 067\[[70](#CIT0070)\]KetoconazoleAntifungal agentNizoral TopicalInvestigated the potential of transfersome for transdermal delivery of ketoconazole (KTZ), which was formulated by the lipid film hydration technique using a rotary vacuum evaporator using suitable essential oils acting as natural permeation enhancers. The transfersomes were converted into a suitable gel formulation and are evaluated for their gel characteristics such as pH, viscosity, spreadability, extrudability, homogeneity, drug content, etc.​Lecithin, Tween-80Study proved that addition of suitable permeation enhancers to the transfersomal formulation improved the release and permeation of KTZ, which showed that the permeation enhancers modify the barrier to penetration present in skin without itself undergoing any change\[[71](#CIT0071)\]Curcuma longa extractPhotoprotective--Formulated creams containing Curcuma longa extract-loaded novel vesicular systems (liposomes, ethosomes, and transfersomes) and studied their photoprotective effect by assessment of skin hydration (Cutometer) and sebum content (Sebumeter)Ethyl alcohol, soya phosphatidylcholine, cholesterol, ethanol, sodium deoxycholateThe results showed that extract-loaded transfersomes are better for improving skin properties than ethosomes and liposomes. Photoprotective herbal extract-loaded vesicles incorporated in the creams could be highly beneficial as photoprotectives with enhanced skin hydration and sebum level\[[72](#CIT0072)\]MeloxicamNon-steroidal anti-inflammatoryMeloxicam 3% gelPrepared and evaluated the liposome and transfersome vesicles in the transdermal drug delivery of meloxicam (MX) and studied the effect of three surfactants that differ in length of carbon chains that were used for the preparation of transfersomes: sodium oleate (NaO, C18), sodium cholate (NaChol, C24), and dicetylphosphate (DCP, C32)Phosphatidylcholine, cholesterol, sodium cholate, sodium oleate, dicetylphosphateThe use of surfactants containing medium-length carbon chains, including NaO (C18) and NaChol (C24), in the transfersomes resulted in a high entrapment efficiency. Transfersomes provide greater MX skin permeation than liposome and MX suspensions\[[73](#CIT0073)\]KetoprofenNSAIDsOrudis KTLong-lasting studies have been in print to show safety and efficacy for long-term use of topical NSAIDs. Diractin (formerly IDEA-033) is a viscous, aqueous formulation for epicutaneous application of ketoprofen based on ultradeformable, self-regulating carrier (transfersome)Sodium heparinDiractin provided adequate pain relief with a good safety and tolerability profile when used for up to 18 months (72 weeks)\[[74](#CIT0074)\]KetoprofenNSAIDsVopacIn the article, compared *in vivo* transport and biodistribution of ketoprofen applied on the skin in ultradeformable carriers (Diractin) or a conventional topical gel (Gabrilen) with oral drug (Oruvail)Carbomer, methylparabene, benzyl alcohol, ethanol, glycerol, phosphatidylcholine, polysorbateKetoprofen from Diractin achieved more desirable biodistribution and clearance, debatably due to spontaneous carrier-mediated drug transport across the skin, which ensures local and fairly long-lasting drug evidence in periphery\[[75](#CIT0075)\]TanshinoneAnti-hypertensive--The transfersomes were prepared by the film dispersion method followed by sonication, and stability and deformability were studiedLecithin, sodium cholateThe results of the study showed that transfersomes have good entrapment efficiency and stability. The vesicles possess high deformability in relation to the molar ratio of sodium cholate to lecithin and the external pressure\[[76](#CIT0076)\]18β-glycyrrhetic\
acidDermatitis--Prepared elastic vesicular formulation to enhance the skin permeation of a poorly water-soluble 18β-glycyrrhetic acid (GA) and treat dermatitisSoybean phospholipid,\
sodium deoxycholate,\
cholesterolAfter non-occlusive application to mice ear skin, deposition of GA increased immediately and reached C~max~ at 3  h (1.95  ±  0.32 µg/cm^2^) and was still detected even 16 h after GA removed. The results of an *in vivo* anti-inflammatory activity study showed that GA elastic vesicles had a significant reduction in ear thickness and mass (25.52 and 49.23%) (*p*  \<  0.05) as compared with a positive control group (triamcinolone acetonide and econazole nitrate cream in the market)\[[77](#CIT0077)\]CatechinAntioxidentVeregen®In this study were compared catechin-loaded conventional liposomal, deformable conventional liposomal, and deformable liposomes prepared by the reverse-phase evaporation (REV) methodL-α-phosphatidylcholine, cholesterol, sodium\
deoxycholateResults suggested that all liposomal formulations exhibited a prolonged catechin release. Compared with deformable liposomes, the REV deformable liposomes showed a greater deposition of (+)-catechin while catechin solution did not permeate into the porcine ear skin\[[78](#CIT0078)\]Dipotassium\
glycyrrhizinateAnti-inflammatory\
agent--Studied the possibility of elastic liposomes for skin release of dipotassium glycyrrhizinate (KG) for treatment of acute and chronic dermatitisSoya lecithin (PC) or hydrogenated soya lecithinDipotassium glycyrrhizinate interacted with liposomes disrupting and fluidizing the lipid bilayer, skin deposition increased 4.5-fold compared with aqueous solution while KG was formulated in liposomes\[[79](#CIT0079)\]KetotifenAntihistaminicZaditor ketotifenIn this study were investigated possible mechanisms of deformable liposomes and ethosomes for improving skin delivery of ketotifen under non-occlusive conditionsPhosphatidylcholine,\
Tween-80Results suggested that both the penetration-enhancing effect and the intact vesicle permeation into the stratum corneum might play a role in improving skin delivery of drugs by deformable liposomes, under non-occlusive conditions, and that the penetration-enhancing effect was of greater importance in the case of ketotifen\[[80](#CIT0080)\]Quercetin and\
resveratrolTo reduce subcutaneous\
fat--In this study, proposed quercetin and resveratrol-containing SDC-elastic liposomes as a new approach for dissolving the subcutaneous fatSoya phosphatidylcholine cholesterol, stearylamine, sodium deoxycholateResults showed optimized elastic quercetin and resveratrol-loaded liposomes with suitable physicochemical properties and kinetic drug profiles for subcutaneous injection\[[81](#CIT0081)\]TetanusVaccineAdacel (Tdap)In the present study, elastic vesicle transfersomes, non-ionic surfactant vesicles (niosomes) and liposomes were used to study their relative potential in non-invasive delivery of tetanus toxoid (TT)Soya phosphatidylcholine,\
sodium deoxycholate,\
Span-85*In vivo* study revealed that topical delivery of TT containing transfersomes, after secondary immunization, could elicit an immune response (anti-TT-IgG) that was equivalent to one that was produced following intramuscularly alum-adsorbed TT-based immunization. In comparison with transfersomes, niosomes and liposomes elicited a weaker immune response. Thus transfersomes hold promise for effective non-invasive topical delivery of antigen(s)\[[82](#CIT0082)\]MetronidazoleAnti-amoebicMetroLotionDeformable liposomes composed of egg phosphatidylcholine (EPC) and various surfactants (sodium deoxycholate (SDCh), Tween-80 or Span-80) were prepared with and without metronidazole for vaginal administration. Additionally, a freeze--thaw method was applied to both classes of vesicles (liposomes) containing the drug to improve its trapping capacity and characterized in terms of size, polydispersity, zeta potential, entrapment efficiency and their permeability on a Caco-2 cell monolayerEgg phosphatidylcholine, sodium deoxycholate, Tween-80, Span-80Results showed that deformable EPC/SDCh liposomes were found to enhance the permeability of metronidazole more effectively than the conventional liposomes based on the *in vitro* model of the epithelial barrier\[[83](#CIT0083)\]

5.. Applications {#S0005}
================

5.1.. Actinic keratosis {#S0005-S2001}
-----------------------

Actinic keratosis (AK) is an ordinary skin ailment caused by long-standing sun exposure, and classically forms on the face, neck, balding scalp, chest, shoulders, and the back of arms and hands of adults, 75% of all reported lesions existing on the head, neck, and forearms. Actinic keratosis is characterized by the shape of keratotic macules, papules, or plaques with superficial scales on a red base. Lesions are frequently asymptomatic, but they can be painful or itchy. Owing to the swelling nature of the condition, the occurrence of AK increases with age and is an ordinary condition in the adult populace aged over 50 years \[[84](#CIT0084)\]. Treatment of AK depends on the medical appearance of the lesions: it may be fought at exact lesions (lesion directed) or at numerous lesions over a large area (field directed), and occasionally both treatment approaches are used. Therapy options include cryosurgery, curettage, excision surgery, photodynamic therapy (PDT), and topical treatments (5-FU cream, diclofenac gel, imiquimod cream, and ingenol mebutate gel).

A study in England reported a prevalence rate of 15.4 and 5.9% in men and women, respectively. This rate amplified to 34.1 and 18.2% in men and women aged above 70 years \[[85](#CIT0085)\]. The study set up to investigate the occurrence of AK was better in individuals with red hair and freckles, which indicates Fitzpatrick skin type I.​ There was a similar, but extra-marked, boost reported in Australia; prevalence rates of AK were 22 and 8% for men and women aged 30--39 years, which increased to 83 and 64%, respectively, in adults aged 60--69 years \[[86](#CIT0086)\]. One reason for the greater incidence rate in males might be that it is more possible for them to labor outdoors and have more sun contact.

### 5.1.1.. Topical delivery of 5-FU for the treatment of AK and non-melanoma skin cancer {#S0005-S2001-S3001}

​ Unfortunately, 5-FU showed poor percutaneous permeation, thus reducing its anticancer effectiveness after topical administration. The *in vivo* results concluded that vesiculization of 5-FU not only improves the topical delivery, but also enhances the cytotoxic effect of 5-FU \[[87](#CIT0087)\]. An instance of transfersomal gel containing 5-FU provided efficient results against the treatment for AK and non-melanoma skin carcinoma, which showed up to a twofold increase of transdermal release in contrast to other marketed formulations \[[88](#CIT0088)\].

5.2.. Basal cell carcinoma {#S0005-S2002}
--------------------------

The frequency of basal cell carcinoma shows clear environmental variation. The age-standardized occurrence of basal cell carcinoma in South Wales was predictable at 114 per 100,000 population in 1998 \[[89](#CIT0089)\]. The common age and sex-standardized annual occurrence in Minnesota, USA, was reported at 146 per 100,000. In Australia, the rate is ahead at 726 per 100,000 \[[90](#CIT0090)\]. These statistics are likely to be underestimates, as basal cell carcinoma tends to be under-reported to the cancer registries. In white populations in North America, the frequency has improved more than 10% a year, foremost to a lifetime risk of 30% of growing a basal cell carcinoma \[[91](#CIT0091)\]. With an ever increasing elderly population, the disease is likely to become more of a problem in the future. Certainly, the prevalence of this cancer will probably be greater than that of all other cancers mutually. The age-standardized occurrence of basal cell carcinoma in white populations is generally between 18 and 40% higher in men (British and Australian data) \[[92](#CIT0092)\]. Basal cell carcinoma is extremely uncommon in dark-skinned races. Skin type I (always burns, never tans), red or pale hair, and blue or green eyes have been shown to be risk factors for the development of basal cell carcinoma, with an estimated odds ratio of 1.6 \[[93](#CIT0093)\]. Advance of basal cell carcinoma is reported to be more frequent after freckling in childhood and also after frequent or severe sunburn in childhood \[[94](#CIT0094),[95](#CIT0095)\]. This is in contrast to a history of sunburn as an adult, which does not seem to be associated with the development of basal cell carcinoma \[[95](#CIT0095)\].

Other non-ultraviolet ecological exposures that have been connected with amplified risk of basal cell carcinoma include ionizing radiation, high dietary energy (especially fat), low intake of vitamins, and various chemicals and dust. Introduction to arsenic predisposes one to multiple basal cell carcinomas \[[96](#CIT0096),[97](#CIT0097)\].

Patients on an immunosuppressive cure also have an increased risk of basal cell carcinoma. A study in the Netherlands showed that the occurrence of basal cell carcinoma in transplant recipients was 10 times higher than in the general population \[[97](#CIT0097)\].​

Fadel et al. \[[98](#CIT0098)\] reported that indocyanine green was encapsulated in a vesicular colloidal nanocarrier (transfersomes) for potential application as a photosensitizer in topical PDT of basal cell carcinoma.

5.3.. Kaposi's sarcoma {#S0005-S2003}
----------------------

Kaposi's sarcoma (KS) was first described in 1872 by the Hungarian dermatologist Moritz Kaposi. At that time, before human immunodeficiency virus (HIV) and acquired immune deficiency syndrome (AIDS), KS remained a rare tumor.​ While the majority of the cases seen in Europe and North America have occurred in aged men of Italian or Eastern European Jewish ancestry, the neoplasm also occurs in some other distinct populations: young black African adult males, prepubescent children, renal allograft recipients, and other patients receiving immunosuppressive therapy. The disseminated, fulminate form of KS associated with HIV disease is referred to as epidemic KS to distinguish it from the classic, African, and transplant-related varieties of the neoplasm. In addition, KS has been acknowledged in homosexual men apart from the HIV disease epidemic \[[99](#CIT0099)\]. In the 1950s, KS was known as a comparatively ordinary neoplasm endemic in inhabitant populations in equatorial Africa and comprised approximately 9% of all cancers seen in Ugandan males. During 1969, the first case of KS in connection with immunosuppression in a renal transplant patient was described. At that time, a number of renal and additional organ allograft recipients who received conventional prednisone and azathioprine developed KS shortly after the onset of immunosuppressive therapy \[[100](#CIT0100)\]. Pathak et al. \[[101](#CIT0101)\]​ developed deformable nanovesicles of paclitaxel capable of being used in dermal chemotherapy, especially deep into the dermal areas of AIDS-related KS. An *i* *n vitro* cytotoxicity study on KSY-1 cell lines revealed higher IC~50~ (≤17) for transfersome against IC~50~ ≤ 19 for transfersome gel. Confocal laser scanning microscopy confirmed the penetrating potential of transfersomes via transfersome gel to the dermal layers of skin, the proposed target site \[[101](#CIT0101)\].​

5.4.. Melanoma {#S0005-S2004}
--------------

A melanoma is an atrocious tumor that arises from melanocytes, dendritic cells that create melanin, a tincture that protects the body from destructive ultraviolet (UV) radiation. Melanocytes use tyrosine to synthesize melanin. A cluster of melanocytes form nevi (pigmented lesions or moles), and melanoma results when these melanocytes undergo a malignant transformation. Melanocytes may be created in various areas of the body; nevertheless, they are mainly situated in the epidermis, and more than 90% of all melanomas have cutaneous incidence rates and epidemiology.​ The frequency of melanoma varies, with the peak rates in Northern Europe, New Zealand, Australia, and North America \[[102](#CIT0102),[103](#CIT0103)\]. Melanoma has one of the fastest-growing rates in the US. The US occurrence rate increased from 7.9 to 17.7 per 100,000 persons between 1975 and 2000. The American Cancer Society estimated that, in 2012, about 76,250 new melanoma cases (44,250 men, 32,000 women) would be diagnosed and about 9,180 individuals (6,060 men, 3,120 women) would die from the disease \[[104](#CIT0104)\].​ Lin et al. \[[105](#CIT0105)\] formulated 5-aminolevulinic acid (5-ALA)-loaded DPPC liposomes in melanoma treatment. The results found that 5-ALA/DPPC formulation reduced cell viability and mitochondria membrane potential, and enhanced intracellular ROS accumulation as compared with 5-ALA alone in melanoma cells. Furthermore, the 5-ALA/DPPC formulation also had better skin penetration ability as compared with the 5-ALA in our *ex vivo* data by assaying 5-ALA converted into protoporphyrin IX (PpIX) in the skin of the mice that were experimented on. In melanoma xenograft models, 5-ALA/DPPC enhanced PpIX accumulation only in tumor tissue, not normal skin \[[105](#CIT0105)\]. siRNAs have potential therapeutic applications in various dermatological diseases such as psoriasis, atopic dermatitis, and cancer. Dorrani et al. \[[106](#CIT0106)\] prepared a series of liposome compositions that contained various concentrations of EA in their structures and then complexed them with siRNA at different ratios to generate a small library of liposome--siRNA complexes (lipoplexes) with different physicochemical properties. Quantitative imaging analysis showed effective permeation of lipoplexes through the skin layers and deposition at the upper dermis. The ability of the formulated lipoplexes to internalize into melanoma cells, knockdown the expression of the B-raf murine sarcoma viral oncogene homolog B1 (BRAF) protein, and induce cell death in melanoma cells was studied by fluorescent microscopy, in-cell immunofluorescence assay, and WST-1 cell proliferation assay \[[106](#CIT0106)\].

5.5.. Squamous cell carcinoma {#S0005-S2005}
-----------------------------

Squamous cell carcinoma (SCC) is an epithelial malignancy that occurs in organs that are usually enclosed with squamous epithelium which includes numerous diverse anatomic sites, counting the skin, lips, mouth, esophagus, urinary tract, prostate, lungs, vagina, and cervix. SCC represents the most common cancer capable of metastatic spread in the US and worldwide \[[107](#CIT0107)\]. Tobacco smoking and human papilloma virus (HPV) are carcinogenic causes for all four sub-types. In total, quite a lot of risk factors are public amid the chief SCC types. Fair-skinned persons who burn and never tan are at a much higher risk for on-the-rise skin SCC than those with darker skin, and it has been confirmed that both past sun exposure and strong sun exposure appear to heavily predispose the population to skin cancer \[[108](#CIT0108),[109](#CIT0109)\].

Furthermore, HPV may be involved in the multistep procedure of skin carcinogenesis as a co-factor with UV radiation, especially in patients with poor resistance, such as limb transplant recipients and smoking tobacco, which may double the risk of skin cancer \[[110](#CIT0110),[111](#CIT0111)\].

Gupta et al. \[[112](#CIT0112)\] designed protransfersome for local delivery of cisplatin in cutaneous epithelial malignancies. The presence of a fluorescence marker in the skin showed better skin penetration ability of the protransfersome. The results of *i* *n vivo* performance of the system showed an increase in the therapeutic efficacy of the drug with less systemic toxicity \[[112](#CIT0112)\]. Applications of transfersomes in the delivery of various anticancer agents are presented in [Table 2](#T0002). In addition to all this information, studies, and roles, a number of patents have been filed and granted, brief details of which, representing various formulation aspects and potential of transfersomes, are summarized in [Table 3](#T0003).10.1080/20022727.2017.1325708-T0002Table 2.Examples of research reports on using transfersomes as carriers for the delivery of anticancer agents.Anticancer drugsConventional topical available formulation (market)InvestigationLipid and surfactant usedObservations/conclusionsRefDoxorubicin hydrochloride (DOX)DOXILA novel hyaluronic acid modified transfersome was prepared to deliver drugs to lymphatics through the transdermal route. Hyaluronic acid effectively improved the uptake of drug-loaded nanocarriers by tumor cellsSodium\
deoxycholate,\
lecithinResults revealed that DOX-loaded HA-GMS-T was able to penetrate efficiently into the deep skin tissue, leading to enhanced absorption by lymphatics and decreased organ toxicity. This study provides a new angle for tumor metastasis therapy through lymphatic drug delivery with transdermal nanomedicine\[[113](#CIT0113)\]5-FluorouracilFluroplexDifferent formulation of tranfersome was prepared using Tween-80 and Span-80 as edge activators. 5-FU containing transfersome loaded 1% Carbopol 940 used for deeper penetration into skin tumors and to compare its anticancer efficacy with its marketed formulation for the treatment of skin cancerTween-80, Span-80, edge activatorsThe results showed that Tween-80 seems to be a better edge activator than Span-80 on the basis of vesicle size and entrapment efficiency. The transfersomal gel was able to improve both *in vitro* skin permeation and skin deposition of 5-FU compared with the marketed formulation. Transfersomes showed maximum skin deposition (81.3%) and comparable transdermal flux of 21.46 mg/cm^2^/h\[[61](#CIT0061)\]GemcitabineGemzarInvestigated as supramolecular vesicular aggregates (SVAs) prepared by self-assembling liposomes and polyasparthydrazide copolymers conjugated to folic acid molecules as potential active targeting formulation for anticancer drug delivery1,2-dipalmitoyl-sn-glycero\
3-phospocholine monohydrate (DPPC) and N-(carbonyl-methoxypolyethylene\
glycol-2000)-1,2-distearoyl-sn-glycero-3-\
phosphoethanolamine (DSPE-MPEG2000), cholesterolThe results showed that chemotherapeutic activity of gemcitabine was increased extensively during *in vivo* experiments on NOD-SCID mice bearing MCF-7 human xenograft models after its entrapment inside the folate-targeted SVAs. Both the volume and weight of the tumor masses were decreased if compared with those obtained by treating animal models with gemcitabine-loaded mPEG-SUVs and the free form of gemcitabine\[[114](#CIT0114)\]5-Fluorouracil (5-FU)Efudex® CreamIn this study, constructed transfersomes, liposomes, and niosomes of 5-FU for topical application for the treatment of actinic keratosis and non-melanoma skin cancer. Transfersomes were prepared by the solvent evaporation method, whereas liposomes and niosomes were constructed by the reverse-phase evaporation method. Cytotoxicity study was carried out on HaCaT cellsDimiristoylphosphatidylcholine,dipalmitoyl-phosphatidylcholine,\
cholesterol, sodium cholateThe IC~50~ value of transfersomes (1.02 μmol/l), liposomes (6.83 μmol/l), and niosomes (9.91 μmol/l) was found to be far less than 5-FU (15.89 μmol/l) at 72 h. 5-FU-loaded transfersomes were found to be most cytotoxic on the HaCaT cell line in comparison with liposomes and niosomes. The results concluded that vesiculization of 5-FU not only improves the topical delivery, but also enhances the cytotoxic effect of 5-FU\[[115](#CIT0115)\]Raloxifene hydrochloride--In this study a researcher developed and optimized raloxifene hydrochloride-loaded nanotransfersomes for transdermal delivery, in order to overcome the poor bioavailability of the drug. A response surface methodology experimental design was applied for the optimization of transfersomes, using Box-Behnken experimental designPhospholipon® 90G, sodium deoxycholateRaloxifene hydrochloride-loaded transfersomes proved significantly superior in terms of amount of drug permeated and deposited in the skin, with enhancement ratios of 6.25 ± 1.50 and 9.25 ± 2.40, respectively, when compared with conventional liposomes, and an ethanolic solution. Differential scanning calorimetry study revealed a greater change in skin structure, compared with a control sample, during the *ex vivo* drug diffusion study. Further, confocal laser scanning microscopy proved an enhanced permeation of coumarin-6-loaded transfersomes, to a depth of approximately160 µM, as compared with rigid liposomes\[[116](#CIT0116)\]CelecoxibCelcoxib topicalThree kinds of celecoxib-loaded\
vesicular formulations have been investigated as drug carriers, liposomes containing a surfactant, or transfersomes and ethosomes containing suitable edge activatorsTween-20, ethanolAll vesicular formulations markedly (*p* \< 0.001) improved the drug amount that penetrated into the skin with respect to an aqueous suspension, from 2.0 to 6.5, up to 9.0-fold for liposomes, transfersomes, and ethosomes, respectively. In particular, ethosomes containing Tween-20 as edge activator enabled the highest increase in drug penetration through the skin, probably due to the simultaneous presence in their composition of ethanol and Tween-20, both acting as permeation enhancers\[[117](#CIT0117)\]Vinblastine--In this study vinblastine liposomes were prepared from lipids dimiristoylphosphatidylcholine and dipalmitoylphosphatidylcholine with cholesterol and transfersomes with sodium cholate were prepared by the thin film hydration method. The drug encapsulation, stability, drug release and *in vitro* human cell lines were performedDimiristoylphosphatidylcholine,dipalmitoyl-phosphatidylcholine,\
cholesterol, sodium cholateThe results showed that encapsulation of vinblastine into liposomes was higher than 98% at a drug/phospholipid molar ratio from 0.17 to 0.18, while encapsulation of vinblastine into transfersomes varied from 50 to 80% at a drug/phospholipid molar ratio from 0.05 to 0.09. The retention of drug in liposomes and in transfersomes was found to be time-dependent. The results of cell line study showed that the liposomes were found to exhibit 20-fold less activity as compared with the free vinblastine\[[118](#CIT0118)\] 10.1080/20022727.2017.1325708-T0003Table 3.Examples of patent reports on transfersome drug delivery systems.S. No.Patent\
Application No. (year of issue/publication/CPC classification, etc.)Inventor (s)Drug molecule and formulation systemCase study/comments detailsReference1.US6165500 A (2000)GregorCevcEdge activeCreation to state the properties of novel arrangements which are suitable for the mediation of rapid transport of diverse agents and other substances from side to side permeability barriers and constriction. Transfersomes in said medium on to the skin of said mammal such that an effectual dose of said lipid, said surfactant, or a further medical agent associated with said transfersomes is captivated into said creature\[[119](#CIT0119)\]2.US20020048596 A1 (2002)GregorCevcDiclofenac, ibuprofen\
phosphatidyl choline from soybeans, distearoyl-glycerolphosphoethanolaminetriazopolyethylene glycolThe copyright claims the incorporation of active agents such as NSAIDs in transfersomes for transport through natural barriers and constriction of skin. The transfersomes comprise at the smallest amount two carrier components whose solubilities in the suspension medium differ by a factor of 10\[[120](#CIT0120)\]3.US20060105955 A1 (2006)Nicholas PerriconePalmitate, lipoic acid, oxytocin, vasopressin, insulin, somatotropin, calcitonin, chorionic gonadotropin, menotropins, follitropins, somatostatins, progestinsClaimed relates to compositions and methods for transdermal drug delivery comprising formulating a phosphatidylcholine carrier composition containing the drug and applying the composition to the skin. Claim comprising crystallized phosphatidylcholine and polypeptide drug molecules entrapped within the phosphatidylcholine for transdermal delivery of the polypeptide drug molecules\[[121](#CIT0121)\]4.US7175850 B2 (2007)GregorCevcHydrocortisone, dexamethasone and triamcinolone acetonideDisclosed the administration of corticosteroids (hydrocortisone, dexamethasone, and triamcinolone acetonide) via transfersomes on mice skin for oedema repression action and to be veteran against profitable orientation ointment\[[122](#CIT0122)\]​5.US20070042030 A1 (2007)GregorCevcEdge active, actrapid, insulinClaimed that the dermal application of insulin through transfersomes for non-invasive and painless therapy of type 2 diabetes mellitus resulted in \>90% of the practical drug amount attainment in the destined organ of the body\[[123](#CIT0123)\]6.US7591949 B2 (2009)Gregor, Cevc, Holger Richardsen, Andrea Weiland-WaibelPeptide, proteinClaimed that kit and a device for controlling the flux of penetrants across a flexible semi-permeable absorbent barrier, the method comprising the steps of: preparing a formulation by suspending or dispersing said penetrants in a polar liquid in the form of fluid droplets surrounded by a membrane-like coating of one or several layers\[[124](#CIT0124)\]7.WO2010/090654A1Henry William, Kroon Henk-Andre, Summerton LindaTerbinafme, Tween-80, Polysorbate-40Claimed relates to formulations of an antimicrobial agent, a lipid, and optionally a surfactant, and uses thereof for reducing the proliferation and viability of microbial agents. Claim antifungal manager is absorbed by the phospholipid membranes of the Spitzenkorper or Polarisome regions of the hyphae of the alleged mycotic agent\[[125](#CIT0125)\]8.US7867480 B1 (2011)GregorCevc, Amla ChopraIL-4, IL-3, IL-2, TGF, IL-6, IL-7, TNF, IL-1a and/or IL-1b, IL-12, IFN-g, TNF-b, IL-5, IL-10, a type I interferon, IFN-alpha, or IFN-bClaimed relates to methods for the vaccination of mammals for obtaining a defensive or therapeutic resistant response. Claims novel vaccine for non-invasive transdermal administration of antigens via transfersomes that also enclose a cytokine-inducing multiple and a chemical irritant\[[126](#CIT0126)\]9.CA2919971 A1 (2015)Richard Wolf Garraway, William HenryPEG, Tween, soy phosphatidylcholineClaimed relates to vesicular formulations for employing in the current administration of a therapeutic, metabolic, cosmetic or structural agent of interest (AOI) and methods of administering an AOI. Claim vesicular formulation comprising a lipid, a surfactant and an AOI, wherein the AOI is bonded to a component of the vesicle such that a portion of each AOI molecule is on the outside of the vesicle and is outer to the vesicular casing\[[127](#CIT0127)\]10.US20150157728 A1 (2015)ModiPankajBotulinum toxin, hyaluronic acid, chitosan, chondroitin sulfate, alginate, carboxymethylcelluloseInnovation related to a novel stabilized and solubilized current formulation for make-up improvements and the use of the topical formulation in a link with the providing of cosmetic improvements in people. Claim a stabilized, low-viscosity protein composition for topical application and transdermal rescue of an active agent for therapeutic use or cosmetic improvement in humans\[[128](#CIT0128)\]

6.. Concluding remarks {#S0006}
======================

Transfersomes are personally designed vesicles capable of responding to external stress by squeezing themselves through skin pores that are many times narrower than they are, leading to increased transdermal flux of the therapeutic agents. It is clear that transfersomes can deliver enhanced amounts of both small and large therapeutic agents into and through the skin. The exact mechanism by which transport occurs remains to be elucidated, and evidence for transport of intact vesicles beyond the stratum corneum is lacking. There are increasing applications of enhanced delivery by transfersome formulations. However, there are only two transfersome-based formulations currently available in the market and the reported clinical studies mainly involve ketoprofen and insulin. The application of transfersomes in cancer presents treatment of AKs, basal cell carcinoma, SCC, melanoma, and KS. The transfersomes can be a good carrier option for delivering the drug into the skin layers and hence useful for the treatment of skin cancers. It is likely that a number of transfersome products for dermal and transdermal applications will be developed in the future.
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